NMR (CDC13) 6 22. 16, 25.6, 26.2, 26.7, 26.9, 40.9, 66.9, 79.9 (quaternary carbon, SCOAc), 113.7, 129.4, 129.5, 132.5, 134.9, 138.6, 169.8. Anal. Calcd for C18HB04SN: C, 61.86; H, 6.83; N, 4.01; S, 9.17. Found C, 61.68; H, 7.02; N, 4.25 ; S, 9.05.
General Procedure for the Synthesis of the Substituted
Cyclopropanes. The appropriate acetate 2 (1 mmol) in THF solution (3 mL) was added at room temperature to a suspension of 1.1 mmol of NaH in 0.5 mL of THF. The mixture was stirred at 65 "C and monitored by TLC on silica gel. The reaction was quenched with dilute HC1(2%). The aqueous layer was extracted with ether or methylene chloride. The organic extracts were washed with water, dried over MgS04, and evaporated in vacuo. The residue waa purifed by recrystallization or chromatography.
l,l-Dicyano-2,2-dimethyl-3-( 2-methyl-1-propeny1)cyclopropane (6, A = X = CN). From the sodio derivative of 2b (1.5 h at 65 "C) after chromatography with ether-pentane (1:9) was obtained 6: 0.130 g (75% yield); mp 94 "C; IR (CDC13) 2230 cm-'; NMR (CDClJ 6 1.35 (8, 3 H) H, 8.10; N, 16.10. Found: C, 75.7; H, 8.09; N, 16.32. ( E ) -and (Z)-Methyl 2,2-Dimethyl-3-(2-methyl-lpropenyl)-I-[ (0-isopropylphenyl)sulfonyl]carbosylates (1 1 and 12). From the sodio derivative of 2c after 3 h at 65 "C was obtained a mixture of 11 and 12 0.320 g, (100% yield); TLC [silica gel ether-hexane (1:1)] Rf 0.35. For 11: IR (Nujol) 1730 cm-'; NMR (CDC13) 6 1-1.25 (m, 12 H), 1.5-1.8 (m, 6 H) H, 6.68; N, 4.9; S, 11.17 .
( E ) -and (2)-Ethyl l-Cyano-2,2-dimethyl-3-(2-methyl-lpropeny1)cyclopropanecarboxylates (14 and 15). (i) From the sodio derivative of 2d after 2.5 h at 65 "C a 1:l mixture of 14 and 15 was obtained after column chromatography on silica gel (eluting with pentane): 0.166 g (75% yield); TLC [silica gel, ether-pentane (1:1)] Rf 0.32.
(ii) From sodio derivative of 2d (performed at 10 "C) and subsequent addition of 10% of tetrakis(tripheny1phosphine)-palladium, with the reaction mixture being heated at 65 "C for CI&Ile0&3N C, 66.45; H, 6.62; N, 4.84, S, 11.08 . Found: C, 66.65;
1.5 h, was obtained 0.150 g (70% yield, no optimization) of 14 as the major product (95%) with 5% of 15. 
H).

Synthesis of cis-Chrysanthemonitrile (3):
A stirred mixture of -35 "C of 0.250 g (0.84 mmol) of 13 in dry methanol, 1.3 g of 6% Na/Hg, and 0.490 g of NazHP04 gave after a conventional workup 0.125 g (100% yield) of chrysanthemonitrile: bp 130-134 "C (15 mm); IR (neat) 2230 cm-'; NMR (CDC13) Although tetrahydrofurans and tetrahydropyrans are important structural subunits of many classes of natural products,l comparatively few general synthetic methods are known? Since y-and &lactones are readily available: an efficient and versatile transformation to the ether would significantly extend current methodology. The conversion of a lactone to an ether has been accomplished by hydride reduction to a diol followed by cyclization by way of a monotosylate4 or other activated ester.5 Certain Lewis acid-hydride complexes have also been employed.6 This strategy has seen limited use due to the restrictions on the functional groups which are compatible with the reaction conditions. A clever method utilizing trichlorosilane has been developed independently by Baldwin' and Tsurugi? Although lactones can be reduced in the presence of esters, there are some limitations on the types of lactones with which this method can be used. We report a mild, con- venient, two-step procedure by which this conversion may be effected. The basic plan is outlined below.
DIBALEt3SiH
-78 ' C BF3*Et20 -78or -20;
The first step, reduction with diisobutylaluminum hydride (DIBAL), is well-known. A comprehensive review has been written by Winterfeldt.g Precedent for the second step can be found in the reductive deoxygenation chemistry of Doyle,lo Fry,ll and Carey.'* The overall yields obtained by our procedure range from 50% to 88%. Examples of this reduction technique are illustrated in Table I . It can be seen that benzyl ethers, hindered esters, and unprotected alcohols are compatible with the mild reduction conditions. Notably, the reduction of unsaturated lactones affords only the product in which the position of the double bond remains unchanged. In the last entry the slow reduction rate is primarily due to the partial insolubility of the triol at low temperature. However, acetylation with acetic anhydride generated a triacetate which could be rapidly reduced.
In a competition experiment between 3,5,5-trimethylcyclohex-2-enol (8) and lactol 9, using 1 mol of triethylsilane and borontrifluoride etherate at -78 O C , the lactol is reduced to the ether while the allylic alcohol is recovered unchanged. Interestingly, alcohol 8 could be deoxygenated
to a mixture of isomeric alkenes at -20 "C. The rate of deoxygenation is much slower (24 h). In this case the trisubstituted alkene is the major product. The two-step procedure described below features a low-temperature reduction followed by a highly chemoselective deoxygenation. The use of this method in complex systems is demonstrated in several examples in Table  I . It compares favorably in terms of operational simplicity and overall yields with present methods.
Experimental Section
Unless otherwise noted, materials were obtained from commercial suppliers and were used without further purification. Diethyl ether, THF, benzene, and toluene were distilled from LiAlH4 prior to usage. Dichloromethane was distilled from P20b All organic extracts were dried over NazS04, except where otherwise noted. Melting points were determined on a Fisher-Johns melting-point apparatus and are uncorrected. Infrared spectra were determined on a Beckman IR-4250 spectrometer. Nuclear magnetic resonance spectra were determined on either a Hitachi Perkin-Elmer R-20B 60-MHz or a Varian HA-100 100-MHz instrument. Carbon-13 NMR spectra were determined on a JEOL FX-9OQ Fourier transform spectrometer. Both proton and carbon chemical shifts are expressed in parts per million downfield from internal tetramethylsilane. High-resolution mass spectra were recorded on an AEI MS-902 high-resolution mass spectrometer. Elemental analyses were performed by Galbraith Laboratories, Inc.
General Procedure. Diisobutylaluminum hydride (1.0 M, hexanes) was added portionwise to a 0.3 M toluene solution of the unsaturated lactone (7.0 mmol) cooled to -78 O C (dry ice-CH30H bath) until TLC analysis judged the reaction complete.
It was then poured into a rapidly stirred mixture of ice (25 g) and acetic acid (7 mL). Chloroform (50 mL) was added and the twephase system stirred vigorously for 10 min. Another 100-mL portion of chloroform was added and vigorous stirring continued until two distinct layers formed when the stirring was halted (typically 3 0 4 min). The layers were separated, and the organic layer was washed with bicarbonate (2 X 100 mL) and brine (75 mL). Drying and removal of the solvents afforded a colorless oil which was used without purification.
The crude lactol and triethylsilane (1.22 g, 10.5 mmol) in dichloromethane (25 mL) were cooled under nitrogen. Dropwise addition of boron trifluoride etherate (0.95 mL, 7.7 mmol) gave a solution which was stirred until TLC indicated that no lactol was present and then quenched by addition of ca. 10 mL of aqueous bicarbonate. The cooling bath was removed and the solution allowed to warm to room temperature with vigorous stirring. After the mixture was transferred to a separatory funnel, ether (100 mL) was added and the whole washed with bicarbonate (20 mL) and brine (20 mL). Drying and removal of the solvents afforded an oil which was chromatographed (silica gel, hexanes-EtOAc). (film) 2070,3040,2930,2830,1490,1455,1380,1120,750, 695 
1: IR
